The work and study presented in this paper aims to investigate the effect of nose radius on surface roughness, in CNC turning of Aluminium (6061) 
1.INTRODUCTION
The increase of consumer needs for quality metal cutting related products (more precise tolerance and better surface finish) has driven the metal cutting industry to continuously improve quality control of the metal cutting processes. Quality of the surface roughness is an important requirement of many work pieces in the machining operations. This parameter is increasingly needed in automotive, aerospace, die and mould manufacturing application. Within the metal cutting processes, one of the most fundamental metal removal operations is turning process, which is used in the manufacturing industry. The surface roughness, which is used to determine and evaluate quality of a product, is one of the major quality attribute of the turned product. The surface roughness of a machined product could affect several of the product's functional attributes such as contact causing surface friction, light reflection, wearing, ability of distributing and holding a lubricant, heat transmission, resisting fatigue in material. Hence, surface roughness is one of the most important quality aspects in turning operations. Hence, there is a need to optimize the process parameters in a systematic way to achieve the output characteristics/responses by using experimental methods and statistical models [24] . Therefore, in order to obtain better surface roughness, proper setting of cutting parameters is very crucial before the process takes place. Starting point for determining cutting parameters, technologists can use the hands on data tables that are furnished in the machining data handbooks. The trial and error approach could be followed previously in order to obtain the optimal machining conditions for particular operations. Recently, a Design of Experiment (DOE) has been implemented to select manufacturing process parameters that could result in a better quality product. The methods of design such as Taguchi's method, Response Surface Methodology (RSM), factorial designs etc., are finding unbound use nowadays replacing the earlier one factor at a time experimental approach which more costly as well as time-consuming. Surface roughness is the factor which is not only hard to measure but also it is very versatile and it depends upon every minute input parameter. So it becomes highly compulsive to have a detailed study of the process to keep the roughness in limits.
Hasan Gokkaya and Muammer Nalbant [10] investigated the effects of insert radii of cutting tools, depths of cut and feed rates on the surface quality of the work pieces depending on various processing parameters. In the range of importance, the effective parameters on the average surface roughness were determined as the following: speed rate, insert radius, and depth of cut. Thus a good combination among the insert radius, speed rate and depth of cut can provide better surface qualities. Ranganath M S et. al [32] have presented a paper on "Surface Finish Monitoring in CNC Turning Using RSM and Taguchi Techniques". This paper presented the findings of an experimental investigation into the effects of speed, feed rate and depth of cut on surface roughness in CNC turning of Aluminium (KS 1275). The three factors speed, feed rate, depth of cut, which were selected in the screening experiment, were used in CCD. Minitab 15 was used to develop the experimental plan for Taguchi and response surface methodology. The same software was also used to analyze the data collected. The Response surface methodology showed significance of all possible combinations of interactions and square terms, whereas, in Taguchi's technique only three interactions are normally studied. This is because of the fact that the interactions between control factors were aliased with their main effects. Response surface methodology technique required almost double time for conducting experiments as that needed for Taguchi technique. 3D surfaces generated by Response surface methodology could help in visualizing the effect of parameters on response in the entire range specified whereas Taguchi's technique gave the average value of response at given level of parameters. Optimization plot obtained from Response surface methodology was not a feature of Taguchi technique. Thus Response surface methodology is a better tool for optimization and can better predict the effect of parameters on response.
Ranganath M S, Vipin [33] carried out experimental investigation and parametric analysis of surface roughness in CNC turning using design of experiments. Their work integrated the effect of various parameters which affect the surface roughness. The important parameters discussed were cutting speed, feed, depth of cut, nose radius and rake angle Experiments were carried out with the help of factorial method of design of experiment (DOE) approach to study the impact of turning parameters on the roughness of turned surfaces. The following conclusions have been made on the basis of results obtained and analysis performed: Increase in cutting speed improved the surface finish, thus the average surface roughness value decreased. Increase in depth of cut affected the surface finish adversely to a small extent, but as depth of cut increased beyond a certain limit surface finish deteriorated to a large extent. Small increase in feed rate deteriorated surface finish to a large extent as compared to same amount of increase of depth of cut. Surface roughness also decreased as the nose radius increased hence surface finish increased. With increase in back rake angle the surface roughness decreased and improved the surface finish. The ANOVA and F-test revealed that the feed is dominant parameter followed by depth of cut, speed, and nose radius and rake angle for surface roughness. Ranganath M S et. al [35] had predicted the surface roughness model for CNC turning of EN 8 steel using response surface methodology. In this prediction model of surface roughness had been developed for turning EN-8 steel with uncoated carbide inserts using response surface methodology. The model was developed in the form of multiple regression equations correlating dependent parameter surface roughness, with speed, feed rate and depth of cut, in a turning process. The box-behnken design was used to perform the experiments. The second order model was found suitable for this work. Moreover a good agreement between the predicted and experimental surface roughness was observed within reasonable limit. Zahari Taha et. al [48] have investigated on Effect of insert geometry on surface roughness in the turning process of AISI D2 steel. The objective of his study was to compare measured surface roughness (from experiments) with theoretical surface roughness (from theoretical calculations) of two types of insert, 'C' type and 'T' type. Consequently at high feed rates (0.4 mm/rev) the 'C' type insert resulted in 40% lower roughness compared to the 'T' type due to differences in insert geometry.
In this project various research papers were studied and it was assessed that the surface roughness depended upon various cutting parameters as well as tool geometry (nose radius). RSM was adopted to be used as the optimization technique so that the focused parameters could be obtained in a much better and comprehensive way in the process ANOVA and Taguchi were taken in consideration but due to the ability of RSM to control the surface parameters and also the ability to have a second order fitting curve the RSM was chosen to bring the optimality in the system.
EXPERIMENTAL WORK

Workpiece Material
Aluminium 6061 was selected as the work material. It is one of the most extensively used of the 6000 series aluminium alloys. This standard structural alloy, one of the most versatile of the heattreatable alloys, is popular for medium to high strength requirements and has good toughness characteristics. Applications range from transportation components to machinery and equipment applications to recreation products and consumer durables. It is widely used for producing automotive components by turning process.
It has excellent corrosion resistance to atmospheric conditions and good corrosion resistance to sea water. This alloy also offers good finishing characteristics and responds well to anodizing. Alloy 6061 is easily welded and joined by various commercial methods. For screw machine applications, alloy 6061 has adequate machinability characteristics in the heat-treated condition. The different alloying elements present in this alloy are shown in the 
Experimental Plan
The experimental work was carried out on CNC turning center LMW LL20TL3 Surface Roughness of these machined surfaces has been measured by a Surface Roughness measuring instrument Talysurf Surtronic 3+. Surtronic 3+ is a self-contained, portable instrument for the measurement of surface texture and is suitable for use in both the workshop and laboratory. Parameters available for surface texture evaluation are: Ra, Rq, Rz (DIN), Ry and Sm. The parameter evaluation and other functions of the instrument are microprocessor based. The measurement results are displayed on a LCD screen and can be an output to an optional printer or computer for further results [30] .
Design of Experiment
The process was studied with a standard RSM design called a Central composite design (CCD). The factorial portion is a full factorial design with all factors at three levels, the star points are at the face of the cube portion on the design which correspond to value of -1. This is commonly referred to as a face centered CCD. The center points, as implied by the name, are points with all levels set to coded level 0, the midpoint of each factor range, and this is repeated six times. Thirty experiments were performed. For each experimental trial, a new cutting edge was used. The Minitab-17 was used to develop the experimental plan for response surface methodology. The same software was also used to analyze the data collected.
As RSM helps to find out the factor level which will satisfy the desired dimensions. Helps in finding relationships of responses on individual input parameter. Helps in forecasting the properties of the product and find out the responses it would give when obtained settings are given. Helps in finding out all the necessary situations for the stability of the process. Hence on the basis of the above uses, RSM is a better tool for optimization and able to forecast effectively the effect of parameters on response. The design table to be used was made by deciding the values of the parameters to be set in the experiment. Namely, the depth of cut, feed rate, speed or rpm and nose radius were set accordingly. The values were defined on basis of the values available in the machine so as to perform the experiment. The process parameters and their values at three levels are given in Table 3 . 
Analysis
ANOVA was used for analyzing the results obtained. ANOVA is used in the analysis of comparative experiments, those in which only the difference in outcomes is of interest. The statistical significance of the experiment is determined by a ratio of two variances. This ratio is independent of several possible alterations to the experimental observations. Adding a constant to all observations does not alter significance. Multiplying all observations by a constant does not alter significance. So in ANOVA, statistical significance results are independent of constant bias and scaling errors as well as the units used in expressing observations.
ANALYSIS AND DISCUSSION
The results from the machining trials performed as per the experimental plan are shown in Table 4 . These results were used as input in the Minitab Software for further analysis. The CCD details are given in Table 5 . Without performing any transformation on the response, examination of the fit summary output revealed that the quadratic model is statistically significant for all the conditions and therefore, it has been used for further analysis. An ANOVA table is commonly used to summarize the tests performed. It is evident that speed, depth of cut, feed and nose radius are significant at 95% confidence level and thus affects mean value and variation around the mean value of the Ra. The nose radius is the most significant in ANOVA for and thus affects the mean value of Ra followed by feed and then speed.
The value of "P >F" for models less than 0.05 indicates that the model is significant, which is desirable as it indicates that the terms in the model have a significant effect on the response. The value of P < 0.0001 indicates that there is only a 0.01% chance that a "model F-value" could occur due to noise. Values greater than 0.1000 indicate the model terms are not significant. Some of the model terms were found to be significant. However, the main effect of nose radius was found to be the most significant factor followed by feed and then depth of cut. The normal probability plots of the residuals for Ra shows that the residuals generally fall on a straight line implying that errors are distributed normally. Also in Fig. 3 showing residuals vs order for Ra reveals that they have no visible pattern and unusual structure. This implies that the models proposed are adequate and there is no reason to suspect any violation of the independence or constant variation assumption. Fig.4 shows the interaction plots of Ra for four parameters. The contour plots for the response, surface roughness are shown Fig. 6 to Fig. 11 . The surface roughness decreases with increase in nose radius and increases with increase in feed. Fig. 12 shows 3D surface plot graphs of the effect of nose radius, feed, speed and depth of cut on the surface roughness. It has a curve linear shape according to the model fitted. The entire 3D surface graph for surface roughness has curvilinear profile in accordance to the quadratic model fitted. 
CONCLUSIONS
The conclusions which have been drawn on the basis of results obtained and analysis performed are:
• The analysis of the results for surface roughness shows that the nose radius is the most significant factor followed by feed. The 3D surface plots of Response Surface Methodology reveals that nose radius has a very significant effect on the surface roughness.
• The average surface roughness value increases with increase in feed within the specified range.
• Increase in cutting speed within the specified range deteriorates the surface finish, thus the average surface roughness value increases.
• Increase in depth of cut within the specified range affects the surface finish adversely to a small extent.
• Small decrease in nose radius within the specified range deteriorates surface finish to a large extent. Hence, increasing nose radius improves surface finish.
• Empirical models for surface roughness has been determined based on which predictions can be carried out for output response for appropriate applications.
• The optimum value of surface roughness in the given range of parameters as depicted by graphs is 1600 rpm (speed), 0.12 m/min (feed), 0.25 mm (depth of cut) and 1.2 mm (nose radius).
• 3D surfaces generated by Response surface methodology can help in visualizing the effect of parameters on response in the entire range specified, thus Response surface methodology is a better tool for optimization and can better predict the effect of parameters on response.
